Horizontal patterns of plankton communities in lakes are assumed to be transitOlY resulting from instantaneous weather conditions and water currents. High dispersal is suggested to constrain local optimization of communities and to result in strong synchrony of temporal dynamics at different sites. However, spatio-temporal dynamics of plankton are rarely analysed in lakes mainly due to the sampling effort involved. Here, we present a long-term (14 years) data set of zooplankton abundance sampled fortni ghtly at five stations simultaneo usly in a large lake. This unique data set allows us to distinguish instantaneous from persistent horizontal pattern. As expected, population dynamics were highly synchronized among stations, whereas synchrony declined with distance between sites. Synchronization varied strongly among taxa but also between sites. Despite tile observed synchrony, coherency distinct spatial variations were found in community structure, abundance, life histolY traits (clutch size) and life cycle strategies (diapause). Spatial differences varied among taxa, sites and season and could be large with spatial differences in mean abundances of the same taxon of two orders of magnitude. Spatial patterns persisted throughout the whole study period and cannot be fully explained by passive transport due to wind-induced water currents. H ence, local First publ. in: Journal of Plankton Research ; 35 (2013), 1. -S. 22-32 Konstanzer Online-Publikations-System (KOPS) URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-212029 optimization of communities is indeed possible ill lakes. We relate our findings to metaeommunity theOlY since the obselVed patterns suggest a community structured by species sorting.
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INTRODUCTION
Understanding the regulation of population dynamics is one the major issues in ecology. The underlying mechanisms driving population dynamics are often inferred from their temporal variability (Turchin, 2003) . However, local populations are usually embedded in a patchy landscape and temporal variability may differ among sites. Furthermore, variability at one site may be influenced by variability of other sites, particularly when communities arc interconnected or patches arc inHuenced by the same large-scale phenomena. Hence, it is often crucial to incorporate spatio-temporal variability in order to gain a mechanistic understanding of local community dynamics (Lundberg et at., 2000) .
Local populations may fluctuate in synchrony or independently of each other due to various spatial processes. One of the dominant drivers of spatial variation of populations and communities is environmental heterogeneity, which determines the suitability of local patches for species survival. Environmental heterogeneity therefore causes spatially heterogeneous population dynamics. On tlle other hand, environmental drivers can also synchronize local dynamics if environmental fluctuations are correlated (Ranta et aI., 1997b) . This phenomenon, well-known as the Moran effect, is able to synchronize fully separated populations even over small geographical scales (Grenfell et at., 1998) . But synchronization of community dynamics is also achieved in the absence of common environmental drivers when sites are interconnected. Indeed, dispersal can synchronize populations even when local dynamics are independent of each otller (Blasius et at., 1999) . Dispersal can result in the maintenance of local populations, although they experience negative net growth rates; a classical concept, which is known as source-sink dynamics in the concept of metacommunities (Pulliam, 1988) . Hence, in a patchy landscape, the spatio-temporal dynamics of populations and communities result from an interplay of different spatial processes causing synchronization (dispersal and the Moran eflect) and heterogeneity (environmental heterogeneity) among sites (Ranta et aI., 1997 a) . Owing to the complexity of their interactions, it is difficult to disentangle each process in the field. In addition, such an analysis is often hampered by the lack of appropriate data.
Lakes are suitable for the study of the interaction of local and regional processes due to their distinct edges. However, their water bodies are commonly considered to be more or less homogeneous characterized by shallow gradients, which renders the detection of persistent spatial heterogeneity diflicull. Furthermore, the continuity of the open water body allows for high dispersal rates among different parts of the lake particularly for planktonic organisms. Both high dispersal and low environmental heterogeneity suggest high synchronization of local population and community dynamics among patches. The detection of potential horizontal patterns in lakes therefore requires a high sampling effort, which is rarely achieved in standard sampling programs. Spatial heterogeneity in lakes is therefore less investigated and consequently surprisingly little is known abo ut spatio-temporal community dynamics in single lakes.
However, distinct environmental heterogeneity is known from lakes as well, particularly from large lakes (Kalildiman et at. , 1992; Patalas and Saiki, 1992; Pinel-Alloul et aI., 1999; Romare et at., 2005) , but no study has yet documented concomitant persistent variations in community structure. In zooplankton, this has been suggested to be due to the high dispersal rates of zooplankton, which constrain optimization of communities to local environmental conditions (Amarasekare and Nisbet, 200 I; Mouquet and Lareau, 2002; Leibold and Norberg, 2004) . However, most studies investigated vety short time periods (mostly a few days), providing only instantaneous snapshots of seasonal plankton dynamics. The short period of investigation strongly reduces the potential to distinguish whether the observed spatial patterns were of transient nature due to, e.g. wind events or persistent due to variations in local environmental conditions. It is therefore not surprising that instantaneous weather conditions have been the main predictor commonly used in explaining horizontal distribution of plankton in lakes (Jones et aI., 1995 ;  conducted biweekly at five stat.ions over a p eriod of 14 years (1972 -1985) . We compared temporal dynamics between sites on a species/ genus level and at the community level and highlight highl y synchronous fluctuations between all sites, but also persistent deviations from this regular pattern. Although the dominant driver at all sites was seasonality, we found distinct spatial patterns in community structure, abundance, life histOlY traits and life cycle strategy, persisting during the whole study period. These patterns cannot be explained by passive dispersal induced by water currents alone but indeed seemed LO reflect local environmental conditions. We relate our results to metacommunity theOlY and discuss the relative importance of local and regional factors in structuring local communities in lakes.
METHOD

Study site
The study was conducted in Upper Lake Constance, a large (472 km 2 ) warm-monomictic lake on the border of Germany, Switzerland and Austria· . Upper Lake Constance may be roughly divided into three morphometrically different parts without any physical barriers ( Arrows indicate mean ci rculation patterns deduced from observations of drifting fi sherm"n lI ers rmodified "frer v\';1SI1lll1ld (VVasmund, I 928)J . Th e mean wi nd field (b) was measured during the study period at Konstanz. The windrose shows the proportion of time in percentage that the wind is from a certain angle and wind speed range. Lake Constance underwent a change in trophic status indicated by the total phosphorus erp) concentration (e). Dotted lines border the sl11dy peri od from 1972 to 1985. and the less deep Bay of Bregenz (BB) which, howe ver, has still a maxi mum depth a r GO rn . Dail y wind lield dclla mcasured at Konstanz during the sampling period of 1972-I 985 were provided by the German Weather Selvice. The wind field is dominated by winds coming {i'om south-west to west (Fig. Ib) . Lake Constance experienced anthropogenic changes in nutrient loadings during the last decades (Fig. I c) affecting a broad variety of species and ecosystem fun ctioning (Bauerle and Gaeclke, 1998).
Field sampling
Cmstacean zooplankton was sanlpled at five 5t< u10n5 l,vice a month from 1972 to 1985. At FB, the sampling program was extended and lasted from 1970 to 1995. Integrated net hauls were taken with a Nansen closing net (m esh size 105 fLm) from a depth of 0-100 m (BB, 0-60 m). A more detailed description of the sampling methodology is given by Seebens et al. (Seebens et at., 2007 Copepod clutch sizes were recorded irregularly and sampling varied between taxa and year. We therefore only used clutch sizes of E. gracilis and C. abyssorum at FB and BB during 1976-1980 for which data were most homogeneous.
Water temperature was measured monthly at different depths (0, 5, 10, 15, 20, 30, 50, 100, 200, 250 m) during the whole study period at FB and since 1979 additionally at BB and LA up to the respective depths.
Since most taxa were found in the upper 20 m of the water column, mean water temperature of this depth range was used for statistical analysis.
Statistical analysis
The spatial variation of water temperature during 1979-1985 was analysed using a one-way analysis of variance (ANOVA) with site as the indep endent variable. The ANOVA was p erformed for each month separately. To account for the increased likelihood of getting fal se positives due to multiple testing, we adjusted the P-values according to Hochberg (Hochberg, 1988) .
Zooplankton abundances were log-transform ed prior to statistical analyses to reduce the influence of outliers and ensure normality. In a fi rst step of the spatial analysis, we calculated cross-correlations of the full time series' to analyse the synchrony of population dynamics between sites. The resulting cross-correlations were related to the distances between sites to test for changes of synchrony with distance. This is commonly done using a Mantel test. The statistical significance or a Mantel test is calculated by applying a randomization test which requires a reasonably large number of sites. As the number of sites was low in bur study, it was not appropriate to apply a M antel test. Instead, we used I'c<u'son's correlation codficient, but calcul ated its P-value with degrees of freedom (df = 3) corresponding to the number of sites (n = 5) and not to the number of site comparisons (n = 10) in order to avoid increasing the likelihood of a type I error due to non-independency of observations. This test was performed for crosscorrelations averaged over all taxa and for each taxon separately to test for a 'synchrony -distance' relationship on the community level and on the taxon level.
In a second step, the between-site variations and spatial differences in long-term trends were analysed for each taxon in greater detail using a two-way analysis of covariance (ANCOVA) and Tukey's post hoc test. The ANCOVA was applied to annual mean abundances with site and year as independent variables. To perform Tukey's post hoc test, the ANCOVA design needs to be balanced which was achieved by removing the years 1972 -1974 (1973) as abundance data of A. denticornis (A. robustus) were missing during this time period.
In a third step, the spatio-temporal dynamics of abundances were investigated on the community level using principal component analysis (PCA). PCA was performed on mean abundances of taxa in winter Ganuary -M arch), spring (April -May) and summer Guly -September) separately to account for seasonal differences. The time windows were chosen according to the classical chronological sequence of annual plankton succession (Sommer et at., 1986) , represe nting the periods of winter mixing and spring and summer development, respectively. PCA was run with data of seasonal mean abundances from all sites. PCA does not allow missing values. We th erefore performed PCA either while replacing zeros by I for A. robustus and A. denticornis for the years 1972 -1974 or only on the subset of years with complete data (1975 -1985) . As th e differences between both analyses were small , i.e. the explained variance in percent of the firs!: two PCA axes differed by < 5%, we present only the analysis incl uding 25 years with complete data. Since predatolY cladocerans were not prese nt during winter and hardly du ring spring these taxa were only considered in PCA during summel:
It has been shown that wind can be a domina nt driver of spatial distribution of zooplankton in la kes (Blukacz et at., Rinke et at., 2009 ; George a nd \-\'inficld, 20( 0). We th ererore rel ated wind fi eld data to the spatial distribution of zooplankton. Wind came p redominantly from south-west to west (Fig. I b) which should result in a spatial gra dient of abundance w ith highest count~ in the eastern part of the lake (Rinke et al., 2009) . Wind speeds of the dominant wind di rections were averaged over a time period prior to each sampling date. We tested vaIying time periods of 0 -7 days and selected a 4-day period which revealed the largest covariation between the spatial abundance distribution and the wind field. T he spatial distribution of zooplankton was measured by the slope of the linear regression of zooplankton abundances and distance to BB for each taxon and sampling date (Blukacz et at., 2009 ).
II' wind drives the spatial gradient of zooplankton, a high slope is expected to be associated with strong winds coming from the west while a slope of zero should be found under calm situations. The slope was then related to the averaged wind speed of the dominant wind directions for each taxon using Pearson's correlation coefIicient with P-values corrected for multiple testing. In order to test the robustness of the results, we modified the analysis slightly by (i) calculatin g the regression slope only from a subset of sampling sites (FE, LA, BB), (ii) considering different wind regimes (S-W, SW-w, SW-Nw, SW-N, and S-N), (iii) using relative differences in abundances between BB and the average of other sites instead of the regression slopes, or (iv) using other wind proxies such as the wind force. The wind force is the average wind speed weighted by tlle deviation of tlle wind direction from the direction of the 
RESULTS
The main basin of L'1ke Constance is characterized by its huge water body, leading to a moderate water temperature regime. During 197 9 -1985 analysis revealed that mean synchrony between sites was high between four sites and other sites (median cross-correlation r = 0.8, Fig. 2b ) but somewhat lower between 1313 and other sites (r = 0.73). That is, the population dynamics at 1313 were on average less correlated with population dynamics at all other sites than compared to, e.g. VB. Correlation coefficients varied strongly among taxa (Fig. 2c) Fig. 3 ). Mean abundances (Fig. 4) . Low annual means of M. leuckarti at 1313 were mainly due to reduced abundances during winter and spring at this site. In contrast, high annual means of Bosmina spp., Daphnia spp. and C. vicinus resulted from elevated abundances during almost the whole year. Differences between sampling sites could be large as, e.g. mean summer abundances of A. robustus varied up to two magnitudes between sites (Fig. 4) . Furthermore, Daphnia spp. showed a 50-fold (101.7) increase in mean winter abundances at BB compared with other stations, while mean abundances of C. vicinus, M. leuckarti and Bosmina spp. differed spatially up to one order of magnitude. Mean abundances in winter were highest at 1313 for all taxa except M. lellckarti (Fig. 4-) . During spring and summer, this pattern changed as mean abundances of Bosmina spp., DajJ/mia spp., C. vicinus and A. robustus were highest at BB, while abundances of L kindtii, B: longimanus, C. abyssomm, M. leuckarti and E. gracilis were reduced.
Clutch sizes of E. gracilis were significantly en hanced at 1313 compared with FB by 29% during winter (t-test, t = -3.8B, df = 8, P < 0.005) and by 11% in summer (t = -2.35, df = B, P < 0.05) and by 10%, however, not significantly in spring (t = -2, df = 8, P = 0.08, Fig. Sa) . In contrast, clutch size differences of C.
• I'
• .1 copepodids)] were rarely found dUling summer at FB but regularly at BB (Fig. 5c ).
'The first. two axes of th e PCA accountecl for 7G"/" (winter), 66% (spling) and 81 % (summer) of total variability, respectively. PCA clearly separated sampling sites in all seasons in the sequence of their geographic location (Fig. 6 ). This spatial gradient was assigned to both the first and the second axes which is supported by a significant relationship of di stance of site to BB with the f-irst axis (wint cr: 1 = -B.l, df = 53, P < 0,00 I , spring: 1 = -4.4·, df = 53, P < 0.001, summer: 1 = -6.B, df = 53, P < 0.001 ) and the second axis (winter: 1 = -2.6, df = 53, P < 0,05, spring: 1 = 2,7, df = 53, P < 0.05 , summer: 1= 2. 1, df = 53, P < 0.05). Taxa were separated ;Jong both the first and the second axis of the PCA. Taxa showing a strong signal (Fig. 6 ) are positioned mainly parallel or orthogonal to the spatial gradient. For instance, the species scores of DajJ/mia spp. and C. uicinus spanned vectors pointing in the direction abyssorum: t = -4·.0, df = 299, P < 0.00 I; C. vicinus: t = -3.3, df = 299, P< 0.01; E. gracilis: t = -5.4, df = 299, P < 0.001). However, in all cases, wind speed explained only a low amount (2 -11 %) of the spatial gradient of zooplankton abundances. Considering wind regimes other than S-W, relative differences in abundances of BB and other sites, a subset of the sampling stations, or wind force as a proxy for tl1e mean wind field reduced the covitr. jalion betwecn wind speed and spatial abundance distribution. The spatial distribution of zooplankton may indicate a horizontal vanat:J.on in primary productivity (see Discussion). It has already been shown that changes in primary productivity drove the temporal fluctuations of population dynamics at FB during an extended sampling period from 1972 to 1995 (Seebens et al., 2007) . We hypothesize that if primary productivity drove both spatial and temporal dynamics of zooplankton, their abundance should vary similarly in both dimensions. To test this, we compared spatial differences between BB and FB with temporal differences at FB, i.e. abundance ratios between tl1e 6 (~ of all years) most oligotrophic years and 6 most eutrophic years at FB within the period 1970 -1995 with abundance ratios between the sampling sites FB and BB during 1972 -1985 in winter, spring and summel: The comparison revealed a tendency for spatio-temporal correspondence in winter (r = 0.65, df = 6, P< 0.(8), significant spatio-tempora l . correspondence in spring (1' = 0.79, df = 6, P < 0.05) but not in summer (r = 0.26, df = 8, P > 0.1, Fig. 7 ). Most taxa during winter and especially spring are located along the diagonal with high (low) abundances at BB and high (low) abundances in eutrophic years. The lack of spatiotemporal coherence in summer (Fig. 7) was mainly due to two outliers, the predatory cladocerans. The overall patterns were robust regarding the number of years involved into the calculation of mean abundances in eutrophic versus oligotrophic years. PCA I (66%) peA 1(57%) PCA 1(39%) Winter Summer Spring 
DISCUSSION
Population dynamics at all sites were highly synchronized and showed large seasona l flu ctuations. Seasonality is a strong a nd inHuelllial large-scale phenomenon affecting sites over broad spatial scales and therefore represents a typical signal in time series of temperate ecosystems. Synchrony of population dynamics declined with distance between sites; a pattern well known from theoretical and field studies (Ranta et at., 1997b), but not yet shown for planktonic lake populations. This decline in synchrony is particularly worth noting as it indicates a spatial pattern of population regulation within the lake maintaining for years rather than a fully mixed regime as often assumed in lakes. Indeed, despite high synchrony, we found distinct spatial patterns in annual mean abun~ dances (Fig. 3) , seasona l f1u ctu<l tiolls (Fig. 4·) , life history traits and life cycle strategies (Fig. 5 ) and in community structure (Fig. 6 ) persisting throughout the whole study 29 period . PCA revealed a clear spatial gradient in taxa composition during all seasons with the most eastern and the most western sites being the extremes on the PCA axes (Fig. 6 ). The strength of the signal, i.e. the length of the vectors, but also the composition of taxa responsible for this pattern changed between the seasons. Hence, the horizontal variation in abundances was a complex pattern specific to taxa and season. Horizontal distribution of lake zooplankton is traditionally considered to be primarily driven by passive dispersal due to wind-induced water currents Gones et Pinel-Alloul et at., 1999; George and Winfield . 2000; Thackeray et at., 2004; Rinke et at., 2009) or horizontal variation of spring warming (Romare et at., 2005) .
Consequently, spatial heterogeneity in zooplankton should be transitory and mainly dependent on actual weather conditions. Higher temperatures at BB were observed during April and May. H ence, higher abundances of some zooplankton taxa at BB during this time period may be explained by the earlier vernal increase of temperature. For example, Daphnia dynamics during spring are known to be strongly influenced by water temperatures (Straile et al., 2012) . Likewise advanced spring phenology of C. vicinus at BB in comparison to FB has been suggested LO result from earli er stratification at BE (Seebens et al., 2009) .
In Lake Constance, dominating west winds have distinct influences on horizontal distribution of plankton and single wind events can result in an accumulation of plankton in the eastern part of the lake at BB (Rinke et al., 2009) . In our study, abundances of most, but not of all, zooplankton taxa were indeed elevated in this region of the lake (Figs 3 and 4) and PCA revealed a spatial gradient of zooplankton abundance throughout the lake (Fig. 6) . It is therefore tempting to consider wind forcing as the dominant driver of horizontal plankton distribution also over long time periods. However, wind forcing explained only a minor part « 11%) of the observed variability in zooplankton spatial gradients, suggesting that wind forcing is unlikely to be the main cause for the observed patterns. Furthermore, Bosmina spp. which showed large spat.ial variation did not show a significant relationship with wind forcing. Furthermore, small zooplankton taxa such as Bosmina spp. have been suggested to be most strongly affected by wind-induced transport (Blukacz et al. , 2009) . Hence, wind forcing cannot explain (i) the observed taxon-specific differences in spatial gradients, (ii) enhanced clutch sizes of E. gracilis at BB, and (iii) the existence of a reproductive summer population of C. vicinus at BB. Clearly, these patterns are much more likely a consequence of local conditions in the bay than a result of passive dispersal due to wind.
Unfortunately, a more detailed analysis of the underlying mechanisms driving th e spatial distribution of zooplankton is hampered by the lack of environmental measurements other than temperature and wind. The increased abundance of most taxa at BB suggests an enhanced primary productivity and/or a reduced predation pressure at this site in the lake. Indeed, BB experiences an increased nutrient influx compared with other sites (IGKB, 2000) resulting presumably in higher primary productivity. Most relevant tributaries of Lake Constance discharge at or near BB with the consequence that in recent years more than 40% of the whole phosphorus loadings entered the lake at the Bay (IGKB, 2000) . A reduced predation pressure at BB is unlikely as previol1s studi es rcported enhanced fish density at BB (H artmann, 1984·; Appenzeller, 1998) .
The enhanced clutch sizes of E. gracilis and C. abyssorum at BB compared with FE ( Fig. 5a and b ) also indicate enhanced productivity at BB. Likewise, it is suggested that summer diapause in C. vicinus is an adaptation to food scarcity (Santer and Lampert, 1995) . Higher summer abundances of C. vicinus at BB compared with the other sites were due to the occurrence of a summer generation, i.e. egg bearing females, males and early copepodid stages were found regularly at this site but not at other sites (Fig. 5c) . The coherence of spatio-temporal abundance variation particularly in spring and for most taxa in summer (Fig. 7) also supports the hypothesis that population dynamics were driven by primary productivity in both dimensions. Summarizing the observed horizontal patterns indicate enhanced primary productivity at BB which may lead to a spatial gradient of abundance throughout the lake as shown in Fig. 6 .
If we accept local conditions as an important driver for higher abundances and different food web structures at BB, the important question arises why these differences are maintained despite the presumably large horizontal exchange of water masses. Presently, we only can speculate abou t the reason for the maintenance of tl1ese patterns. A historical synopsis of mean circulation patteQ1 deduced from observat.ions of drifting fishermen nets (Wasmund, 1928) indicates the presence of gyres, i.e. circular water movements, in Lake Constance (Fig. l a) . Obscrvat.ions of drifling fisherman nets have been shown to provide a reliable indicator for the circulation patterns in a lake (Laborde et al., 2012) . Also in Lake Constance, the drifting patterns of fisherman's nets are cOllsistent: with the simulations of a two-layer hydrodynamic model driven by wind (Bauerle et al., 1998) . The circulation patterns may maintain the spatial differences in nutrient availability for phytoplankton as they reduce the horizontal exchange of water masses. Plankton at BB may be trapped within the gyre with a reduced chance to be passively dispersed to other parts of tl1e lake. However, th e occurrence and the stability of these circulation patterns and their consequences for plankton distribution remain to be investigated in more detail.
Interconnected communities structured by local environmental conditions follow the concept of species sorting, which is known as a perspective in metacommunity theory (Leibold et al., 2004) . Metacommunity th eory has not yet been applied successfully to single lake communities. High dispersal rates between sampling sites are assumed to constrain local optimization (Amarasekare and Nisbet, 200 I), inhibiting development of a zooplankton metacommunity in a lake (Leibold and Norberg, 2004) . Nevertheless, Leibold and Norberg (Leibold and Norberg, 2004 ) discussed the potential existence of planktonic metacommunities in lakes, although they also assumed dispersal rates too high to allow local optimization. Zooplankton metacommunities have mainly been investigated in systems with a low connectivity among patches, e.g. different lakes, ponds or mesocosms (Shurin, 2000; Forrest and Arnott, 2006; Beisner et at., 2006) . In these systems, dispersal is considered to be a limiting factor, potentially preventing species from colonization of new patches (Shurin, 2000; Forrest and Arnott, 2006) . In metacommunities experiencing high exchange rates among patches, local community structure is persistently affected by dispersal (Cottenie et at., 2003 ; Howeth and Leibold, 2008) . In these systems, dispersal is no longer limited but rather homogenizes spatial variation of local community structure. In an interconnected pond system, Michels et at.
(Michels et at., 200 I) measured velY high exchange rates between interconnected ponds of more than 7000 individuals h -I but still found evidence for species sorting. Howevel; a single lake metacommunity would fundamentally differ from all other reported cases in the degree of patch connectivity. All local communities inhabit the same environmental space, i.e. the open watel; with no differences in physical structure, which is important in . other ecosystems with transient boundaries such as coral recls lor !ish rnetacommuni ties (Roberts, 1997) . In Lake Constance, dispersal rates were not measured but might be even higher than reported by Michels et at. (Michels et at., 200 I) , suggesting a strong homogenizing effect of dispersal (Rinke et at. , 2009) .
Nevertheless, the horizontal distribution of zooplankton persisted for years despite the high interconnectivity of the sampling sites. As wind cannot fully explain the observed pattern, local population dynamics have to be driven by local conditions as described in the metacommunity concept of species sorting.
In conclusion, this study documents the existence of consistent spatial patterns in zooplankton dynamics within a large lake. Population dynamics at different sites flu ctuated in high synchrony, but synchro ny declined with distance between sites which indicates a spatial variation of the factors driving local population dynamics. The ultimate cause of this synchronization (Moran effect or dispersal) cannot be elaborated in detail since dispersal data and detailed abiotic measurements are lacking, but it is likely that both processes played a significant role. Despite the distinct coherent pattern, persistent spatial heterogeneity in community structure, abundance, life histOlY traits and life cycle strategy was found. Although water currents can have strong influences un the spatial distrib ution uf planktun on short time scales, most of these observed horizontal variations cannot be explained by drift alone. T his 3' suggests that local optimization of communities IS indeed possible even within lakes.
